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TETANUS TOXIN POLYPEPTIDES 

Field of the invention 

5 I'liis invention relates to polypeptides derived from fragment C of the tetanus toxin and 
their use in vaccine compositions. 

Background to the invention 

10 Tetanus is a highly infeclious, world-wide disease caused by the organism Clostridium 
teiani. Its spores can remain dormant for indefinite periods in house dust and soil which are 
the prime sources of infection for open wounds. Contaminated animal faeces are also 
responsible for the spread of the disease and may further contaminate previously 
uninfected locales. 

15 

I ctanus infection is always a risk for the wounded and is usually associated with great pain 
and may even lead to death. Thus, in the nineteenth century, when the causative agent was 
discovered to be a bacterium, great effort was devoted to the development of an effective 
vaccine. The first successful vaccination in human subjects was carried out in 1926, when 
20 the vaccine used comprised crude tetanus toxin treated to render it atoxic. 

Tetanus toxin provided the target for the first vaccine as it had already been discovered that 
symptoms arc not due to the bacterium infecting host cells but rather by a potent 
neurotoxin released upon lysis of the bacterial cells. 

25 

In v/vo, a single (parent) peptide is synthesised which comprises both light and heavy 
chains. On lysis of the bacterial cell, an endogenous protein cleaves the peptide between a 
preexisting disulphide bridge to give two peptide chains linked by a disulphide bridge. 



30 



Papain cleaves the heavy chain to give a fragment B (100 kDa) consisting of the light chain 
and part of the heavy chain, and a fragment C (50 kDa), consisting of the remainder of the 
heavy chain. It has been .shown that both fragments are capable of providing protection but 
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may be associated with residual toxicity which would be due to contamination witli 
uncleaved toxin. 

Tetanus toxin (TeNT) is a member of the family of clostridial neurotoxins (CNTs) which 
5 includes the botulinum toxins (BoNTs). CNTs inhibit neurotransmitter release from 
presynaptic neuronal cells by proteolytic cleavage of proteins involved in the fusion of 
synaptic vesicles with the cell membrane. This cleavage is catalysed by the 50 kDa L-chain 
of CNTs which encodes a zinc dependent metaloprotcase. The overall structural and 
functional properties of the CNTs arc very similar, having a similar sub-unit structure and 
10 30-40% amino acid identity (Minton, 1 995). In contrast to BoNTs which remain within the 
peripheral nervous wsystem, TeNT has the unusual property of being targeted to the central 
nervous system (CNS) by retrograde axonal transport. Thus it is differences in the sites of 
action of the toxins which explains the distinct clinical symptoms. 

15 The mechanism whereby TeNT and BoNT bind to sensitive cells has been studied in a 
variety of in vitro systems including tissue preparations, primary cell cultures and cell 
lines. These studies, and others, have shown that TeNT and BoNT bind to membrane 
receptors, and are intemalised prior to the cytosolic action of the L-chain of the toxins. The 
steps involved in binding and trafiicking of TeNT are largely uncharacteriscd, although it 

20 appears to involve intemalisalion through uptake of small synaptic vesicles during vesicle 
reuptake. The binding of 1 eNT to neuronal tissue involves the C-tcrminal 50 kDa domain 
(H^- domain, also known as fragment C), as demonstrated by retrograde transport of in 
vivo and its ability to bind rat brain membranes and primary neuronal cells and 
neuroblastoma cell lines in vitro, 

25 

It is known that TeNT binds gangliosides, but the role that these glycolipids play in the 
binding and uptake of TeNT is far from understood. The idea tliat geuigliosides constitute 
the sole receptor for TeNT and BoNTs is not universally accepted because it does not 
explain the affinity of TeNT for the CNS and of BoNT for peripheral neurones. Several 
30 groups have reported binding of TeNT and BoNT to rat brain membranes and neuronal cell 
lines to be protease sensitive, implying the presence of protein receptors for TeNT and 
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BoNTs. Thus a dual receptor model, invoking toxin interacting with both gangliosides and 
protein receptors has been proposed. 



Existing licensed vaccines are based on the inactivated toxin obtained from lysed C. ietani 
5 cells. To obtain sufficient toxin requires large cell-cultxircs which tends to give rise to toxin 
being contaminated with cell debris. The resulting toxin is rendered atoxic (toxoided) by 
treatment, usually with formaldehyde, but may also be loxoided with glutaraldchyde. 
However, while rendering the toxin harmless, either treatment may also lead to conjugation 
of the toxin with cell contaminants, which in turn may lead to possible adverse clinical 
10 reactions. 

The structural gene for tetanus toxin has been cloned and sequenced (Fairweather et aL, 
1986) and this has enabled the production of recombinant TeNT. Recombinant vaccines 
based on the fragment C of TeNT have been described in the art (see for example WO-A- 
15 9015871 and EP-A-209281). However, such vaccines retain ganglioside binding activity. 
Although there is no conclusive evidence that ganglioside binding is associated with 
toxicity in immunised individuals, it would be desirable to obtain a TeNT polypeptide 
with reduced ganglioside binding activity. 

20 An earlier study of ganglioside binding of deletion mutants of the He fragment of TeNT 
expressed in E, coli suggested an essential role for the carboxy terminal 10 residues of He 
for ganglioside binding (Halpem and Loftus, 1993). More recent data using a ganglioside 
pholoafllnity assay have implicated a 34 amino acid peptide including His 1293 as 
sufficient for binding (Shapiro et qL, 1997). 

25 

Summary of the Invention 

We have constructed a series of site-directed mutants of TeNT, using the structural 
information provided by the three dimensional structure reported recently (IJmland e/ aL, 
30 1997). Mutant molecules were produced in E. coli^ purified and used in an in vitro 
geuiglioside binding assay. Our results confirm a role for His 1293 in binding. However, 
we have also now identified other regions of the TcNT fragment C required for binding 
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gangliosides, deletion of which leads to a greater reduction in ganglioside binding than ihc 
results obtained for His 1293 alone. Typically, the regions are loop regions which connect 
two sections of p sheet. 

Accordingly, the present invention provides a polypeptide comprising tetanus toxin 
(TeNT) fragment C, or an immunogenic fragment thereof, which tetanus toxin fragment C, 
or immunogenic fragment thereof comprises a mutation in a loop region, which mutation 
results in a reduction in the binding of the tetanus toxin tragment C» or immunqgcnic 
fragment thereof, to gangliosides. 

Preferably said loop region is present in the full length wild type sequence between two 
P sheets. More preferably said loop region is selected from amino acid residues 1214 to 
1219 and 1 271 to 1 282 of the amino acid sequence of TeNT fragment C 

Preferably said mutation is at least one deletion, more preferably at least one deletion 
selected from A1214 to 1219, A1274 to 1279 and A1271 to 1282 of the amino acid 
sequence of TeNT fragment C. 

The present invention further provides a polynucleotide encoding a polypeptide of the 
invention . 

The present invention also provides vectors comprising a polynucleotide encoding a 
polypeptide of the invention operably linked to a regulatory sequence. Preferably the 
regulatory sequence allows expression of the polypeptide in a host cell. Typically the host 
cell is a bacterium, or a cell of an animal, more preferably a mammaU including primates 
and humans. 

The polypeptides, polynucleotides and vectors of the present invention may be used in the 
prevention (or reduction in susceptibility to), or treatment of, Clostridium tetani infections. 
Thus, in a further aspect, the present invention provides a pharmaceutical composition 
comprising a polypeptide, polynucleotide or vector of the invention together with a 
pharmaceutically acceptable carrier or diluent. 
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The present invention also provides a method of treating or preventing C. letani infection 
in a human or aiiimal which comprises administering to the human or animal an effective 
amount of a polypeptide, polynucleotide or vector of the invention. 



5 The present invention further provides a polypeptide of the present invention for use in 
therapy, such as the prevention (or reduction in susceptibility lo), or treatment of, C. letarti 
infections. Also provided is the use of a polypeptide of the invention in the manufacture of 
a medicament for use in the prevention (or reduction in susceptibility to), or treatment of, 
C tetani infections. 

10 

In another aspect, the invention provides the use of a polypeptide, polynucleotide or vector 
o( the invention in a method for producing antibodies which recognise epitopes within a 
TeNT polypeptide. For example, the present invention provides a method for producing 
antibodies which recognise epitopes within a TeNT polypeptide which method comprises 
15 administering a polypeptide, a polynucleotide or a vector of the invention to a mammal.. 
Such antibodies produced by the various methods known in the art may be used in a 
method of treating C tetani infection in a human or animal which comprises administering 
to a human or animal an effective amount of an antibody produced by the above method of 
the invention. 

20 

In a further aspect, the invention provides a method for reducing the binding affinity of a 
TeNT fragment C polypeptide for gangliosides which method comprises modifying one or 
more amino acid residues present in a surface-exposed loop region of the polypeptide. 
Also provided is a polypeptide produced by said method. 

25 

Detailed Description of the Invention 

Although in general the techniques mentioned herein are well known in the art, reference 
may be made in particular to Sambrook et aL, Molecular Cloning, A Laboratory Manual 
30 (1989) and Ausubel et o/,, Current Protocols in Molecular Biology (1995). John Wiley & 
Sons, Inc. 



! 
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A. TeNT Polypeptides 

'I hc structural gene for tetanus toxin has been cloned and sequenced (l-ainveathcr e( aL, 
1986; Eisel ei al,. 1986 (also database accession No. BTCLTN and g69647)): The amino 
5 acid sequence is provided herein for reference. Fragment C is a 50 kDa polypeptide 
generated by papain cleavage and comprises or substantially corresponds to the 45 1 amino 
acids at the C-terminus. The terms "fragment C" and ''He" are used interchangeably 
herein. It is to be understood that although the description below adopts the amino acid 
numbering based on the sequence of tetanus toxin described herein, the present invention is 
10 equally applicable to fragment C variants found in other strains of C iefani (which may 
have slightly different amino acid numbering). 

Polypeptides of the invention comprise tetanus toxin fragment C or immunogenic 
fragments thereof that have been modified to reduce their ability to bind to gangliosides. 
In particular, the polypeptides of the invention comprise mutations in a loop region found 
between 2 p sheets. The 3D structure of TeNT fragment C has been determined by 
Umland et al. (1997) the structural coordinates deposited in the Protein Data Bank under 
reference number Iaf9. The structural information presented in Umland e/ aL (1997) (see 
Figure la in particular) allows the skilled person to identify candidate loop regions. 
Preferably these loops are exposed on the surface of the molecule. These may then be 
mutagenised and tested for ganglioside binding using, for example, the binding assays 
described in the Examples. Two such loops which have been shown to be involved in 
ganglioside binding are described in the Examples. The first loop consists of approximately 
amino acids 1214 to 1219 and the second loop consists of approximately amino acids 1271 
to 1282. 

Mutations in the loop regions may be substitutions, insertions and/or deletions. Preferably 
the mutations are deletions, more preferably deletions which remove substantially all of a 
particular loop region. Techniques for modifying amino acids sequences arc well known in 
30 the art, such as PCR-directed mutagenesis. 



15 
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It is preferred thai mutant TeNT polypeptides of the present invention have less than 50% 
ganglioside binding activity compared with wild type TeNT, more preferably less than 40, 
— 30, 20 or 10%, most preferably less than 5%. Ganglioside binding activity may, for 

example, be determined in vitro as described in the examples. 

5 

Alternatively, or preferably hi addiiion, it is preferred that mutant TcNT polypeptides of 
the present invention have less than 50% neuronal cell binding activity compared with wild 
type TeNT, more preferably less than 40, 30, 20 or 10%, most preferably less than 5%. 
Neuronal cell binding activity may, for example, be determined as described in the 
10 examples. 

In addition, it is preferred that mutant polypeptides of the invention retain at least 50% of 
the immunogcnicity of the wild type sequence from which they are derived (i.e. the full 
length fragment C sequence or immunogenic fragments thereof), more preferably at least 
15 70. 80 or 90%. Immunogcnicity may be determined typically by the use of in vitro 
techniques such as ELISA or Western blotting. Alternatively, or in addition, 
immunogenicity may be determined in vivo by, for example, immunising animals with a 
polypeptide of the invention and then either testing sera by F.T.ISA or Western blotting, or 
by subsequently challenging immunised individuals with active toxin. 

20 

In a particularly preferred embodiment, a polypeptide of the invention comprises TeNT 
fragment C, or an immunogenic fragment thereof, which TeNT fragment C, or 
immunogenic fragment thereof, comprise a mutation in amino acid residues 1214 to 1219 
and/or 1271 to 1282. In particular a polypeptide of the invention comprises TeNT 
25 fragment C, or an immunogenic fragment thereof, which TeNT fragment C, or 
immunogenic fragment thereof, comprises a deletion of amino acid residues 1214 to 1219 
and/or at least 1274 to 1279, more preferably 1271 to 1 282, 

In another preferred embodiment, the polypeptides of the invention further comprise a 
30 modification at residue His- 1 293, preferably a substitution such as His— ►Ala or His-^ Ser. 
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Fragments of tetanus toxin fragment C that contain epitopes may also be used in the 
polypeptides of the invention. These fragments will comprise at least 5 or 6 amino acid 
preferably at least 10 amino acids, more preferably at least 15, 20, 50 or 100 amino acids 
Particularly preferred fragments include from about amino acids 943 to 1023. which is a 
good B-cell epitope, and from about amino acids 946 to 966 which is a good T-cell 
epitope. All amino acid numbering is with reference lu the full-length toxin gene. 



The amino acid sequence of tetanus toxin fragment C can be further modified to provide 
polypeptides of the invention. For example, this may be carried out to enhance the 
10 immunogenicity of the polypeptides of the invention. Amino acid substitutions may be 
made, for example from 1, 2 or 3 to 10, 20 or 30 substitutions provided that the modified 
polypeptide retains epitopes. 

Conservative substitutions may be made, for example according to the Table below. 
15 Amino acids in the same block in the second column and preferably in the same line in the 
third column may be substituted for each other: 



ALIPHATIC 
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Polypeptides of the invention may further comprise heterologous amino acid sequences, 
20 typically at the N-tcrminus or C-terminus, preferably the N-terminus. Heterologous 
sequences may include sequences that affect intra or extracellular protein targeting (such as 
leader sequences). Heterologous sequences may also include sequences tliat increase the 
immunogenicity of the polypeptide of the invention and/or which facilitate identification, 
extraction and/or purification of the polypeptides. Another heterologous sequence that is 
25 particularly preferred is a polyamino acid sequence such as polyhistidine which is 
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preferably N-terminal. A polyhistidine sequence of at least 10 amino acids, preferably at 
least 17 amino acids but fewer than 50 amino acids is especially preferred. 

Other heterologous amino acid sequences includes immunogenic sequences from other 
5 pathogenic organisms such as bacteria or viruses. Examples include pathogenic E. colL 
Neisarria sp„ B. pertussis, C. difficile. Salmonella sp,, Campylobacter sp., P, falciparum^ 
hepatitis B virus, hepatitis C virus and human papilloma virus. Conveniently, these 
immunogenic sequences may be inserted into a loop region which it is desired to disrupt 
(such as amino acids 1214 to 1219). 

10 

Polypeptides of the invention are typically made by recombinant means, for example as 
described below. However they may also be made by synthetic means using techniques 
well known (o skilled persons such as solid phase synthesis. Polypeptides of the invention 
may also be produced as fusion proteins, for example to aid in extraction and purification. 

15 Examples of fusion protein partners include glutathione-S-transferase (GST), 6xHis, GAL4 
(DNA binding and/or transcriptional activation domains) and p-ga1actusidase. It may also 
be convenient to include a proteolytic cleavage site between the fusion protein partner and 
the protein sequence of interest to allow removal of fusion protein sequences, such as a 
thrombin cleavage site. Preferably the fusion protein will not hinder the function of the 

20 protein of interest sequence. 

Polypeptides of the invention may be in a substantially isolated form. It will be understood 
that the protein may be mixed with carriers or diluents which will not interfere with the 
intended purpose of the protein and still be regarded as substantially isolated. A 
25 polypeptide of the invention may also be in a substantially purified form, in which case it 
will generally comprise the protein in a preparation in which more than 90%, e.g. 95%, 
98% or 99% of the protein in the preparation is a polypeptide of the invention, 

B. Polynucleotides and vectors. 

30 

Polynucleotides of the invention comprise nucleic acid sequences encoding the 
polypeptides of the invention. Polynucleotides of ttie invention may comprise DNA or 
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RNA, They may also be polynucleotides which include within them synthetic or modified 
nucleotides, A number of different types of modification to oligonucleotides are known i 
the art. These include mcthyJphosphonate and phosphorothioaie backbones, addition of 
acridine or polylysine chains at the 3' and/or 5' ends of the molecule. For the: purposes of 
5 the present invention, it is to be understood that the polynucleotides described herein may 
be modified by any method available in the art. Such modifications may be carried out in 
order to enhance the in vivo activity or life span of polynucleotides of the invention. 

Preferred polynucleotides of the invention also include polynucleotides encoding any of 
10 the polypeptides of the Invention described above. It will be understood by a skilled 
person that numerous different polynucleotides can encode the same polypeptide as a result 
of the degeneracy of the genetic code. 

Polynucleotides of the invention can be incorporated into a recombinant replicablc vector. 

15 The vector may be used to replicate the nucleic acid in a compatible host cell. Thus, in a 
further embodiment, the invention provides a method of making polynucleotides of the 
invention by introducing a polynucleotide of the invention into a replicablc vector, 
introducing the vector into a compatible host cell, and growing the host cell under 
conditions which bring about replication of the vector. The vector may be recovered from 

20 the host cell. Suitable host cells include bacteria such as £. co/i, yeast, mammalian cell 
lines and other eukaryotic cell lines, for example insect Sf9 cells. 

Preferably, a polynucleotide of the invention in a vector is operably linked to a regulatory 
sequence that is capable of providing for the expression of the coding sequence by the host 
25 cell, i.e. the vector is an expression vector. The term "operably linked" refers to a 
juxtaposition wherein the components described are in a relationship permitting them to 
function in their intended manner. A regulatory sequence "operably linked" to a coding 
sequence is ligatcd in such a way that expression of the coding sequence is achieved under 
conditions compatible with the control sequences. 



30 



Such vectors may be transformed or transfectcd into a suitable host cell as described above 
to provide for expression of a polypeptide of the invention. This process may comprise 
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culturing a host cell transfomied with an expression vector as described above under 
conditions to provide for expression by the vector of a coding sequence encoding the 
polypeptides, and optionally recovering the expressed polypeptides. 

5 The vectors may be, for example, plasmid or virus vectors provided with an origin of 
replication, optionally a promoter for the expression of the said polynucleotide and 
optionally a regulator of the promoter. The vectors may contain one or more selectable 
marker genes, for example an ampicillin resistance gene in the case of a bacterial plasmid 
or a neomycin resistance gene for a mammalian vector. Vectors may be used in vilro, for 
10 example for the production of RNA or used to transfect or transform a host cell. The vector 
may also be adapted to be used m v/va, for example in a method of gene therapy. 

Promoters/enhancers and other expression regulation signals may be selected to be 
compatible with the host cell for which the expression vector is designed. For example, 

15 prokaryotic promoters may be used, in particular those suitable for use in £. coli strains 
(such as E. coli HBlOl). In a particularly preferred embodiment of the invention, an htrA 
or nirB promoter may be used. When expression of the polypeptides of the invention is 
carried out in mammalian cells, either in vitro or in vivo, mammalian promoters may be 
used. Tissue-specific promoters may also be used. Viral promoters may also be used, for 

20 example the Moloney murine leukaemia virus long terminal repeat (MMI..V f-TR), the 
promoter rous sarcoma virus (RSV) LTR promoter, the SV40 promoter, the human 
cytomegalovirus (CMV) IE promoter, herpes simplex virus promoters or adenovirus 
promoters. All these promoters are readily available in the art. 

25 C. Host cells 

Vectors and polynucleotides of the invention may be introduced into host cells for the 
purpose of replicating the vectors/polynuclcotides and/or expressing the polypeptides of 
the invention encoded by the polynucleotides of the invention. Suitable host cells include 
30 prokaryotes such as eubacteria, for example £. coli and B. subtilis and. eukaryotes such as 
yeast, insect or mammalian cells. 
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Vcctors/polynucleolides of the invention may be introduced into suitable host cells using a 




variety of techniques known in the art, such as iransfection, transformation an<i 
clcctroporation. Where vectors/polynucleulides of the invention arc to be administered to 
animals, several techniques are known in the art, for example infection with recombinant 
5 viral vectors such as retroviruses, herpes simplex viruses and adenoviruses, direct injection 
of nucleic acids and biolistic transformation. 

l^i Protein Expression and Purific ation 

10 Host cells comprising polynucleotides of the invention may be used to express 
polypeptides of the invention. Host cells may be cultured under suitable conditions which 
allow expression of the proteins of the invention. Expression of the polypeptides of the 
invention may be constitutive such that they are continually produced, or inducible, 
requiring a stimulus to initiate expression. In the case of inducible expression, protein 

15 production can be initiated when required by, for example, addition of an inducer substance 
to the culture medium, for example dcxaniethasone or IPTG. Suitable methods for 
producing tetanus toxin fragment C polypeptides are described in WO-A-901587I and 
EP-A-209281. 

20 Polypeptides of the invention can be extracted from host cells by a variety of techniques 
known in the art, including enzymatic, chemical and/or osmotic lysis and physical 



Purification of polypeptides may optionally be performed using well known techniques 
25 such as affinity chromatography, including immunoaffinity chromatography, ion-exchange 
chromatography and the like. A particularly preferred technique is to express the 
polypeptide of the invention as a fusion protein with polyhistidinc tag (for example 6xHis) 
and purify cell extracts using Ni-NTA agarose (Qiagen). A variety of other similar affinity 
chromatography systems based on fusion protein sequences arc known in the art. 



disruption. 



30 



Polypeptides of the invention may also be produced recombinantly in an in vUro cell-free 
system, such as the TnT'^ (Promega) rabbit reticulocyte .system. 
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E. Administration 

I he polypeptides of the invention may be administered by direct injection. Preferably the 
5 polypeptides are combined with a pharmaceutically acceptable carrier or diluent to produce 
a pharmaceutical composition, which may be for human or veterinary use. Suitable 
carriers and diluents include isotonic saline solutions, for example phosphate-buftered 
saline. The composition may be formulated for parenteral, intramuscular, intravenous, 
subcutaneous, intraocular or transdermal administration. Typically, each polypeptide is 

10 administered at a dose of from 0.01 to 30 jag/kg body weight, preferably from 0.1 lo 10 
|ag/kg, more preferably from 0.1 to 1 H-g/kg body weight. It is also possible to use 
antibodies prepared using the polypeptides of the invention, as described below, in treating 
or preventing C. tetani infection. Neutralising antibodies, or fragments thereof which 
retain specificity for C tetani antigens, can be administered in a similar manner to the 

15 polypeptides of the invention. 

The polynucleotides of the invention may be administered directly as a naked nucleic acid 
construct, preferably further comprising flanking sequences homologous to the host cell 
genome. When the expression cassette is administered as a naked nucleic acid, the amount 
20 of nucleic acid administered is typically in the range of from 1 )iig to 10 mg, preferably 
from 1 00 fig to 1 mg. 

Uptake of naked nucleic acid constructs by mammalian cells is enhanced by several known 
treinsfection techniques for example those including the use of transfection agents. 
25 Example of these agents include cationic agents (for example calcium phosphate and 
DEAE-dextran) and lipofectants (for example Hpofcctam™ and transfcctam'^). Typically, 
nucleic acid constructs are mixed with the transfection agent to produce a composition. 

In a particularly preferred embodiment, a nucleotide of the invention is introduced into an 
30 attenuated strain of Salmonella sp. such that a polypeptide of the invention is expressed by 
the transformed bacterial strain and the live bacteria administered, typically orally, to a 
patient. 
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Preferably the polynucleotide or vector of the invention is combined with a 



Suitable carriers and diluents include isotonic saline solutions, for example phosphate- 
buffered saline. The composition may be formulated for parenteral, intramuscular, 
intravenous, subcutaneous, intraocular or transdermal administration. 

I'hc routes of administration and dosages described are intended only as a guide since a 
skilled practitioner will be able to determine readily the optimum route of administration 
and dosage for any particular patient and condition. 

F. Preparation of Vaccine s 

Vaccines may be prepared from one or more polypeptides of the invention. The preparation 
of vaccines which contain an immunogenic polypeptide(s) as active ingredient(s), is known 
to one skilled in the art. Typically, such vaccines are prepared as injectables, cither as 
liquid solutions or suspensions; solid forms suitable for solution in» or suspension in, liquid 
prior to injection may also be prepared. The preparation may also be emulsified, or the 
protein encapsulated in liposomes. The active immxmogenic ingredients are often mixed 
with excipients which arc pharmaceutically acceptable and compatible with the active 
ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, elhanol, 
or the like and combinations thereof. 

In addition, if desired, the vaccine may contain minor amounts of auxiliary substances such 
as wetting or emulsifying agents, pH buffering agents^ and/or adjuvants which enhance the 
effectiveness of the vaccine. Examples of adjuvants which may be effective include but 
are not limited to: aluminum hydroxide, N-acetyl-muramyl-L-threonyl-D-isoglutamine 
(Ihr-MDP), N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine (CGP 11637, referred to as 
nor-MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyl-L-alanine-2-(r-2'-dipalmitoyl-sn- 
glycero-3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A. referred to as MTP-PK), and 
RIBU which contains three components extracted from bacteria, monophosphoryl lipid A, 
trehalose dimycolate and cell wall skeleton (MPL+TDM+CWS) in a 2% squalene/Tween 
80 emulsion. 



pharmaceutically acceptable carrier or diluent to produce a pharmaceutical compositioj 



• 
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h'urthcr examples of adjuvants and other agents include aluminum hydroxide, aluminum 
phosphate, aluminum potassium sulfate (alum), berylHum sulfate, silica, kaolin, carbon, 
walcr-in-oil emulsions, oil-in-watcr emulsions, muramyl dipeptide, bact^al endotoxin, 
lipid X, Corynehacterium parvum {Propionobacterium acnes}, Bordetella pertmsis, 
polyribonucleotides, sodium alginate, lanolin, lysolecithin, vitamin A, saponin, liposomes, 
levamisolc, DEAE-dextran, blocked copolymers or other synthetic adjuvants. Such 
adjuvants are available commercially from various sources, for example, Merck Adjuvant 
65 (Merck and Company* Inc., Rahway, N.J.) or Freund's Incomplete Adjuvant and 
Complete Adjuvant (Difco Laboratories, Detroit, Michigan). 

l ypically, adjuvants such as Amphigen (oil-in-water), Alhydrogel (aluminum hydroxide), 
or a mixture of Amphigen and Alhydrogel are used. Only aluminum hydroxide is approved 
for human use. 

The proportion of immunogen and adjuvant can be varied over a broad range so long as 
both arc present in ellective amounts. For example, aluminum hydroxide can be present in 
an amount of about 0.5% of the vaccine mixture (AKO^ basis). Conveniently, the vaccines 
are formulated to contain a final concentration of immunogen in the range of from 0.2 to 
200 |xg/mK preferably 5 to 50 pig/ml, most preferably 15 |.ig/ml. 

After formulation, the vaccine may be incorporated into a sterile container which is then 
sealed and stored at a low temperature, for example A^C, or it may be freeze-dried. 
Lyophilisation permits lung-term storage in a stabilised form. 

The effectiveness of an adjuvant may be determined by measuring the amount of 
antibodies directed against an immunogenic polypeptide containing a TeNT antigenic 
sequence resulting from administration of this polypeptide in vaccines which are also 
comprised of the various adjuvants. 

f he vaccines arc conventionally administered parcnteraily, by injection, for example, either 
subculaneously or intramuscularly. Additional formulations which are suitable for other 
modes of administration include suppositories and, in some cases, oral formulations. For 



t 
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suppositories, traditional binders and carriers may include, for example, polyalkylenc 
Blycols or triglycerides; such suppositories may be formed from mixtures contaimng ih 
active ingredient in the range of 0,5% to 10%, preferably 1% to 2%. Oral formulations 
include such normally employed cxcipients as, for example, pharmaceutical grades of 
5 mannitol, lactose, starch,- magnesium stearate, sodium saccharine, cellulose, magnesium 
carbonate, and the like. These compositions take the form of solutions, suspensions, 
tablets, pills, capsules, sustained release formulations or powders and contain 10% to 95% 
of active ingredient, preferably 25% to 70%. Where the vaccine composition is 
lyophilised, the lyophilised material may be reconstituted prior to administration, e.g. as a 
10 suspension. Reconstitution is preferably elfected in buffer 

Capsules, tablets and pills for oral administration to a patient may be provided with an 
enteric coaling comprising, for example, Eudragit "S", Eudragit "L", cellulose acetate, 
cellulose acetate phthalate or hydroxypropylmethyl cellulose. 

15 

The polypeptides of the invention may be formulated into the vaccine as neutral or salt 
forms, Pharmaceutically acceptable salts include the acid addition salts (formed with free 
amino groups of the peptide) and which are formed with inorganic acids such as, for 
example, hydrochloric or phosphoric acids, or such organic acids such as acetic, oxalic, 
20 tartaric and maleic. Sails formed with the free carboxyl groups may also be derived from 
inorganic bases such as, for example, sodium, potassium, ammonium, calcium, or ferric 
hydroxides, and such organic bases as isopropylamine, trimcthylaminc, 2-cthylamino 
eihanol, histidine and procaine. 

25 G. Dosage and Administration of Vaccines 




The vaccines are administered in a manner compatible with the dosage formulation, and in 
such amount as will be prophylactically and/or therapeutically elective- The quantity to 
be administered, which is generally in the range of 5 fag to 250 fig of antigen per dose, 
30 depends on the subject to be Ureated, capacity of the subject's immune system to synthesize 
antibodies, and the degree of protection desired. A preferable range is from about 20 ^ig to 
about 40 ^ig per dose. 
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A suitable dose size is about 0.5 ml. Accordingly, a dose for intramuscular injection, for 
example, would comprise 0.5 ml containing 20 of immunogen in admixture with 0.5% 
aluminum hydroxide. 

5 

Precise amounts of active ingredient required to be administered may depend on the 
judgement of the practitioner and may be peculiar to each subject. 

The vaccine may be given in a single dose schedule, or preferably in a multiple dose 
10 schedule. A multiple dose schedule is one in which a primary course of vaccination may 
be with 1-10 separate doses, followed by other doses given at subsequent time intervals 
required to maintain and or reinforce the immune response, for example, at I to 4 months 
for a second dose, and if needed, a subsequent dose(s) after several months. The dosage 
regimen will also, at least in part, be determined by the need of the individual and be 
15 dependent upon the judgement of the practitioner. 

In addition, the vaccine containing the immunogenic TeNT antigen(s) may be administered 
in conjunction with other immunoregulatory agents, for example, immunoglobulins. 

20 H. Preparation of antibodies against the polypeptides of the invention 

The immunogenic polypeptides prepared as described above can be used to produce 
antibodies, both polyclonal and monoclonal. If poiyclonar antibodies are desired, a 
selected mammal (e.g., mouse, rabbit, goat, horse, etc.) is immunised with an 
25 immunogenic polypeptide bearing a TeNT epitope(s). Serum from the immunised animal 
is collected and treated according to known procedures. If serum containing polyclonal 
antibodies to a TeN I epitope contains antibodies to other antigens, the polyclonal 
antibodies can be purified by immunoaffinity chromatography. Techniques for producing 
and processing polyclonal antisera are known in the art. 

30 



Monoclonal antibodies directed against TeNT epitopes in the polypeptides of* the invention 
can also be readily produced by one skilled in the art. The general methodology for 
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making monoclonal antibodies by hybridomas is well known. Immortal antibody - _ 
producing cell lines can be created by cell fusion, and also by other techniques such 
direct transformation of B lymphocytes with oncogenic DNA, or transfection with Epstein- 
Barr virus. Panels of monoclonal antibodies produced against TeNT epitopes can be 
5 screened for various properties; i.e.. for isotype and epit<ipe affinity. 

An alternative technique involves screening phage display libraries where, for example the 
phage express scFv fragments on the surface of their coat with a large variety of 
complementarity detenmining regions (CDRs). This technique is well known in the art. 

10 

Antibodies, both monoclonal and polyclonal, which are directed against TcNT epitopes are 
particularly useftii in diagnosis, and those which are neutralising are useful in passive 
immunotherapy. Monoclonal antibodies, in particular, may be used to raise anti-idiotype 
antibodies. Anti-idiotype antibodies are immunoglobulins which carry an **intemal image" 
15 of the antigen of the infectious agent against which protection is desired. 

Techniques for raising anti-idiotype antibodies are known in the art. Fhese anti-idiotype 
antibodies may also be useful for treatment of C tetani, as well as for an elucidation of the 
immunogenic regions of C. letani antigens. 

20 

For the purposes of this invention, the term "antibody", unless specified to the contrary, 
includes fragments of whole antibodies which retain their binding activity for a target 
antigen. Such fragments include Fv, F(ab') and F(ab')2 fragments, as well as single chain 
antibodies (scF^v). Furthermore, the antibodies and firagments thereof may be humanised 
25 antibodies, for example as described in EP-A-239400. 



I he invention will be described with reference to the following lixamples which arc 
intended to be illustrative only and not limiting. The Examples refer to the Figures, 
Referring to the Figures in more dct2uls: 
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Description of the Figures 



Figure 1 is a 3D representation of the structure of tetanus toxin fragment C. 

5 Figure 2 is a graph showing % binding to gangliosides compared with wild type for various 
TcNT fragment C mutants. 

EX AMPLES 

10 METHODS 

Bacterial si rains and plosmid corvstruction 

t, coli strain BI-21 {ADE3, ompT, hsdSs (rB'^&-J» gcil dcm) was used as the host for the 
plasmids described below, Plasmid pKSl contains a codon-optimised gene for the 

15 expression of the He fragment of TeNT under the control of the T7 promoter. It was 
created by PCR amplification (Pfu polymerase, Stratagene, Cambridge UK) of a 1357 bp 
fragment using pTETtac215 (Makoff et al, 1989) as template and the oligonucleotides 
S'GAGCATATGAAAAACCTTGAT and 5'CGGATCCTTAGTCGTTGGTCCA which 
introduce Ndel and BamHl sites at the 5' and 3' ends of the gene respectively. After blunt 

20 end ligation of the PCR product into the vector pCRScript (Stratagene) to form plasmid 
pJC6, the Ndel - BamUl fragment was purified by agarose gel electrophoresis using a 
Qiacx II gel purification kit (Qiagen, West Sussex, UK), and sublconcd into pET28a 
(Novagen, Cambridge UK) which had previously been digested with Ndel and BamI4I 
(Roche Molecular Biochemicals, East Sussex, UK). DNA manipulations were performed 

25 by standard procedures. 

Mutagenesis and DNA sequencing 

Mutagenesis was performed using the QuikChange™ site-directed mutagenesis kit 
(Stratagene). Pairs of complementary oligonucleotides were used to construct mutant H^^. 
30 molecules (see Table 1). To create mutants containing single amino acid mutations (M564 
and M57) the following cycles were used with pKSl as template DNA: Step 1: QS^'C 30 



I 
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sec. Step 2: 95X 30 sec, step 3: 55"C 1 min, step 4: 68°C 12 min. Steps 2 to 4 were 
repeated for 1 2 cycles. 



TABLE 1 : Mutants of He constructed 

5 



Mutant 
name 


Amino acid 
mutation(s) 
introduced 


Oligonucleotides used for site directed mutagenesis 


M28 


AGInl274. Prol279 


NF79: 5' to 3' GOTACCCACAACGGTCAGCCGAACCOTGACATCCTG 
NF«0: 5' to 3VCAO<jAT0''rCACGO1TCGGCTGACCGrrUl CKiGTACC 


M37 


A His 1271 -Asp 1282 


NFSl: 5* lo 3' CTCGGTCTGGTTGGTACCAACGACCCGAACCGTGAC 

NF82: 5' to 3' ctcacggttcggctcgttggtaccaaccagac:cc:ag 


. M40 


A Gin 1274- Pro 1279, 
His 1293 Ser 


NF79: .V to 3' GGTACCCACAACGrrTCAGCCnAArCGTOArATrrTn 
NF80: 5' to 3' CAGGATGTCACGGTTCGCCTGACCGTTGTGCJGTACC 
and 

NF32: 5' Co 3' ClTCI AAC l GG I ACITCAAC ICrCrGAAAGACAAA A I CCTGGG 
NF33: r to 5' CCCAtiGAri riCncnTCAOAUAO'l'rGAAG*[ ACCAG^rrAUAAU 


M58 


A Aspl2l4. Asnl219 


NF91: 5' to 3' GTTGGTTACCCGAAACTGCAGAACCTGGACAGAATT 
NF92: 3' to 5' AATI C I GJ CCAGGi rCTGCAGriTCGGGTAACCAAC 


M564 


His 1293 Scr 


NF32: 5' to 3' CTTCTAACTGGTACTTCAACTCTCTGAAAGACAAAATCCTGGG 
NF33: 3' to 5' CCCAOGATTTTGTCTTTCAGAGAGTTGAAUTACCAG ITAGAAG 


M57 


His 1293 Ala 


NF97: 5' to 3' CrAACrGGTACTrCAACGCTCTGAAAGACAAAATCCrGGG 
NF9«: V tn S' CrCAGGA 1 J I J GTCTTTrAGAGCnTTGAAGTArrAGTTAO 



To construct molecules containing deletions (M28 and M58) longer extension times were 
used with pKSl as template DNA in the following cycles: Step 1 : 95X 30 sec, step 2: 95X 
10 30 sec, step 3: SS^'C 1 min, step 4: 68*^0 18 min. Steps 2 to 4 were repeated for 18 cycles. 
Vo construct mutant M37 and the double mutant M40, identical cycling conditions were 
used, but using M28 mutant DNA as a template. 

DNA sequencing 

15 The DNA sequence of the entire insert of pKSl encoding HC and of all mutants in the 
regions altered was determined by automated DNA sequencing. 

Purification of recombinant His-tagged proteins 

250 ml of LB broth containing kanamycin (50 jig/ml) were inoculated with 5 ml of an 
20 overnight culture of £. coU BL2 1 cells containing pKS 1 or derivatives encoding mutant 

genes. At an OD^io ~ 0 8, expression of wild type or mutant He protein was induced by the 
addition of isopropyl-p-D-galactopyranoside (IPTG) to a final concentration of 1 mM. 
Incubation at 37''C was continued for 3.5 hours, after which cells were recovered by 
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ccntrifugation at 4000 g for 15 min. Cell pellets were frozen and stored at -20"C. To 
purify the His-tagged proteins, cell pellets were resuspended in 10 ml of buffer A 
(300 mM NaCl, 50 mM NaH2P04, pH 8.0) containing lysozyme (I mg/ml) (Roche 
jMolecular Biochcmicals) and 1 0 mM imidazole (Sigma, Dorset, UK). 

5 

Cells were sonicated on ice with a flat tip probe for 4.5 minutes in pulses of 1 5 sec on, 15 
sec off using a 550W sonicator (Ultrasonic Processor XL2020, Heat Systems, New York, 
USA). After centrifugation at 13,000 g for 20 min, 500 ^il of Ni-N TA agarose resin 
(Qiagen) was added and the mixture incubated whilst rotating for 16 h at 4"C. The resin 

10 was then centrlfuged at 200 g and resuspended in 10 ml buffer A containing 20 mM 
imidazole. The ccntriguation and resuspension was repeated twice. The resin was 
resuspended in 5 ml buffer A and was poured into a disposable plastic column (Biorad, 
Herts, UK) and the liquid allowed to drain away. The His-tagged proteins were eluted by 
application of elution buffer (buffer A containing 250 mM imidazole). The protein 

15 concentration of the eluted fractions was monitored by measurement at ODj^,,. Peak 
fractions were pooled and dialysed in buffer A, and protein concentration was measured 
using a Micro BCA protein assay (Pierce, Chester, UK). Between 20 and 32 mg of purified 
protein was obtained per litre of bacterial culture. 

20 Bioiinylation of He protein 

Biotinylation of HC protein was carried out using the EZ-Link Sulfo-NHS-LC- 
biotinylation kit (Pierce). 

Gcmf^lioside binding in \itro 

25 (i) Direct binding assay 

Direct binding of proteins to gangliosides was measured as follows. ELISA plates (Life 
Technologies, Paisley, UK) were coated with 10 |ig/ml bovine gangliosides GTlb (Sigma, 
Dorset, UK) in 50 )xl methanol and allowed to dry overnight. After two washes of 3 min in 
phosphate buffered saline (PBS) containing 0.05% Tween 20 (PBS/T), 100 ^1 of blocking 

30 solution (PBS containing 3% BSA (Sigma)) was added, and the plates blocked for I hour 
at 37"C. All subsequent incubations were at 37°C in 50 \xl volumes, and all wasiies were 
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for 3 min in PBS/T and repeated three times. Proteins and primary and secondary 
antibodies were diluted in PBS/T containing 3% BSA (PBS/TB). 



After blocking and washing, plates were incubated for 2 hours with doubling dilutions of 
5 wild type His-tagged HC or mutant His-tagged He starting from an initial concentration of 
1 0 ng/ml protein. After washing, rabbit polyclonal anti-Hc antibody (Fairweather et al.^ 
1986) diluted 1:1000 was added for 1 hour. After washing, goat anti-rabbit antibody 
conjugated to horse radish peroxidase was added as a secondary antibody. Plates were 
devloped with o— phenylenediaminc dihydrochioridc (Sigma). The plates were read at 
10 490nm in a Ceres 900 Hdi ELISA reader (Bio-Tek Instruments). Each data point 
represents the mesui of duplicate values after subtraction of the mean value obtained when 
no protein was added. 

(ii) Competition assay 

15 A variation of the direct binding assay was performed as follows. Coating of plates with 
gangiiosidcs and blocking was as in the direct assay, and all subsequent incubations were 
at 3TC in 50 ^il volumes. All washes were for 3 min in PBS/T and repeated three times. 
Proteins and secondary antibodies were diluted in PBS/TB. A constant amount of 
biolinylated His-tagged lie (prepared as described above) at a concentration of 340 |ig/ml 

20 in a volume of 25 yil was mixed with 25 |il of test protein at decreasing concentrations 
(highest concentration of 500 (ig/ml). 50 ^il of the mixture of biotinylated Hc/unlabelled 
protein was added to the gangliosidc coated plates, and the plates ijicubated fur 2 hours. 
The plates were washed again and incubated with streptavidin-HRP (Dako), diluted 1 in 
500, for 1 hour. After washing, the plates were developed with o-phenylenedtamine 

25 dihydrochioridc (OPD, Sigma) and read at 490mn in an ELISA plate reader. 

Binding of mutants io N 18 cells 

N18 RE.105 cells (ECACC number 88112301) were cultured in DMEM (Life 
Technologies) supplemented with 4 mM glutamine (Sigma), 10% FBS and lOOu penicillin^ 
30 100 |xg/ml streptomycin (Life Technologies). One day prior to use in indirect 
immunofluorescence, 3 x lO"* cells in 0.5 ml were plated in each well of an 8 well LabTek 
chambered slide (Lite Technologies) pretreated overnight with 5 p-g/ml poly-L-lysine. 
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Cells were fixed in 4% paraformaldehyde in PBS for 10 minutes at room temperature. All 
subsequent incubations were carried out at 4^C. All washes were in PBS containing 0.1% 
BSA (PBS/B) at 4"C and were repeated 3 times for 3 min. Cells were incubated with wild 
type or mutant proteins (5 p-g/ml) for 2 hours. After washing, cells were incubated for 30 
5 min in PBS/B containing 5% normal swine serum, followed by 30 min with rabbit 
polyclonal anti He antibody, diluted 1 in 500 in PBS/B containing 5% normal swine serum. 
I he cells were washed again and incubated for 1 hour with FITC-conjugated goat anti- 
rabbit serum (Dako) diluted I in 500 in PBS/B. After washing, cells were mounted in an 
antifade agent in glycerol/PBS (Citifluor, Agar Scientific, Harlow, UK) and visualised by 
10 fluorescent microscopy using a Zeiss 510 confocai microscope. 

Fxample 1 - Deletion of either one of two loop regions joining p sheets within the 
TeNT fragment abolishes gangUoside binding 

15 An inspection of the 3-1) structure of the fragment TeNT (Umlzmd ei al,, 1997) reveals 
two domains, an N-termihal jelly roll domain and a C-tcrminal P trefoil domain^ linked by 
a single chain (Figure 1 ). These domains each consist largely of P sheets joined by loops 
which protrude from the molecule. 

20 To identify residues of the He molecule involved in gangliosidc binding, we chose to 
investigate the regions comprising the loops joining the |i sheets. Mutants were constructed 
which lacked six residues (Gln-1274 to Pro-1279) and twelve residues (nis-1271 to Asp- 
1282) of the loop joining 2 p sheets of the p trefopil structure. Deletion of six residues 
resulted in SVo of wild type ganglioside binding, and deletion of the twelve residues 

25 resulted in only 1 % of wild type binding (see Table 2 and Figure 2). 

A mutant was also constructed which had a deletion of six residues (Asp-1214 to 
Asn-1219) in a second loop. The resulting molecule retained only 0.6% of gcmglioside 
binding compared to wild type (sec Tabic 2 and Figure 2). 



I 
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TABLK 2: Ganglioside binding of mutant proteins 



Mutant name 


% Wl 


M28 


5.19*0.548 


M37 


1.06*0.587 


M40 


4.2 * 0.72 


M58 


0.625 '0.177 


M564 


42.97* 11.44 


M57 


14.9*5.37 




These results were confirmed using a competition assay as described in the methods 
section. Thus our results demonstrate that a deletion in either one of two loops joining P 
sheets in the TcNT He molecule dramatically reduces the ability of the molecule to bind to 
gangiiosides. 



10 Photoaffinity labelling of TeNT with derivatised gangiiosides have shown His'1293 to be 
involved in ganglioside binding. We tested the role of this residue in binding by mutation 
to both Serine and Alanine. Both these mutants showed decreased binding (to 43% and 
15% of wild type respectively) confirming the importance of His 1293 in binding. His 
1293 is spatially near the His-1271 to Asp 1282 loop we have now shown also to be 

15 involved in binding. A double mutant, comprising His 1293 Ser and AHis 1271 to Asp 
1 282 was constructed and foimd to exhibit markedly reduced binding (4.2% of wild-type 
levels) (see Table 2 and Figure 2). 



20 



We also carried out experiments using neuronal cells (see methods) which demonstrated 
reduced binding of the mutant H^ proteins to these cells. These experiments confirm the 
data obtained from ganglioside binding assays. 
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Amino acid sequence ofC. tetani neurotoxin (I'eNT) 

1 TTipitinnfry sdpvnndtii mmeppyckgl diyykafkit driwivpery efgtkpedfn 
61 ppssliegas eyydpnylrt dsdkdrflqt mvklfnrikn nvagealldk iinaipylgn 
5 syslldkfdt nsnsvsfnll eqdpsgattk samltnliif gpgpvlxiJcne vrgivlrvdn 

181 knyfpcrdgf gsimqmafcp eyvptfdnvi enitslLigk skyfqdpall Imhelihvlh 
241 glygrnqvaah eiipsKqeiy mqhtypisae elftfggqda nlisidiknd iyektlndyk 
301 aianklsqvt scndpnidid sykqiyqqky qfdkdsngqy ivnedkfqil ynsimygf te 
361 ielgkkfnik trlsyfsTnnh dpvkipnlld dtiyndtegf nieskdlkse ykgqnmrvnt 
10 421 nafrnvdgsg Ivskliglck kiipptnire nlynrtasit dlggelciki kriedltfiae 
481 knsfseepfq deivsyntkn kplnfnysld kiivdynlqs kitlpndrtt pvtkgipyap 
541 eyksnaasti eihniddnti yqylyaqksp ttlqritmtn svddalinst kiysyfpsvi 
601 skvnqgaqgi Iflqwvrdii ddftnessqk ttidkisdvs tivpyigpal nivkqgyegn 
661 figalettgv vllleyipei tlpviaalsi aesstqkeki iktidnflek ryekwievyk 
15 721 Ivkakwlgtv ntqfqkrsyq myrsleycrvd aikkiidyey k-iysgpdkeq iadeinnlkn 
7fli kleekankara ininifmres srsflvnqmi neakkqllef dtqsknilcnq yikanskf ig 
841 itelkklesk inkvf stpip fsysknldcw vdneedidvi lkkst:ilnld inndiisdis 
901 gfnssvityp daqlvpgixig kaihlvnixes sevivWcamd ieyndmfnnf tvsfwlrvpk 
961 vsashleqyg tneysiissm kkhslsigsg wsvslkgnnl iwtlkdsage vrqitfrdlp 
20 1021 dkfnaylank wvfititndr Issanlying vlmgsaeitg Igairednni tlkldrcnnn 
1081 nqyvsidkfr ifckalnpke ieklytsyls itflrdfwgn plrydteyyl ipvassskdv 
1141 qlknitdymy Ithapsytng klniyyrrly nglkf iikry tpnneidsfv ksgdf iklyv 
1201 syrmnehivg ypkdgnafnn Idrilrvgyn apgiplykkm eavklrdlkt ysvqlklydd 
1261 knaslglvgt hngqigndpn rdiliasnwy fnhlkdkilg cdwyfvptde gwtnd 
25 // 
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1. A polypeptide comprising tetanus toxin (TeNT) fragment C, or an immunogenic 
fragment thereof, which tetanus toxin fragment C, or immunogenic fragment thereof 
comprises a mutation in a loop region, which mutation results in a reduction in the binding 
of the tetanus toxin fragment C, or immunogenic fragment thereof, to gangliosides. 

2. A polypeptide according to claim 1 wherein said loop region is selected from amino 
acid residues 1214 to 1219 and 1272 to 1282 of the amino acid sequence of TeNT 
fragment C 

3. A polypeptide according to claim 1 or 2 wherein said mutation is at least one 
deletion. 

4. A polypeptide according to claim 3 wherein said deletion is selected from A1214 to 
1219, A1274 to 1279 and A1271 to 1282 of the amino acid sequence of TcTSIT fragment C. 

5. A polynucleotide encoding a polypeptide according to any one of claims 1 to 4. 

6. A vector comprising a polynucleotide according to claim 5 operably linked to a 
regulatory sequence permitting expression of the polynucleotides in a host cell. 

7. A host cell comprising a vector according to claim 6. 

8. A host cell according to claim 7 which is a bacterium. 

9. A pharmaceutical composition comprising a polypeptide according to any one of 
claims I to 4, a polynucleotide according to claim 5 or a vector according to claim 6 
together with a pharmaccutically acceptable carrier to diluent. 
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10. A vaccine composition comprising a polypeptide according to any one of claims 1 
to 4, a polynucleotide according to claim 5 or a vector according lo claim 6 together with 
pharmaccutically acceptable carrier to diluent. 

1 1 . A method of treating or preventing or reducing the susceptibility to C. ietani 
infection in a human or animal which comprises administering to the human or animal an 
effective amount of a polypeptide according to any one of claims 1 to 4, a polynucleotide 
according to claim 5 or a vector according to claim 6. 

12. Use of a polypeptide according to any one of claims 1 to 4, a polynucleotide 
according to claim 5 or a vector according to claim 6 in a method for producing antibodies 
which recognise epitopes within a TeNT polypeptide. 

13. A method for producing antibodies which recognise epitopes within a TeNT 
polypeptide which method comprises administering a polypeptide according to any one of 
claims 1 to 4, a polynucleotide according to claim 5 or a vector according to claim 6 to a 
mammal. 

14. A method of treating C. tetani infection in a human or animal which comprises 
administering to a human or animal an effective amount of an antibody produced according 
to claim 12 or 13. 

15. A method for reducing the binding affinity of a TcNT fragment C polypeptide for 
gangliosides which method comprises modifying one or more amino acid residues present 
in a surface-exposed loop region of the polypeptide. 



16. A polypeptide produced by the method of claim 15. 
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TETANUS TOXIN POLYPEPTIDES 

A polypeptide is provided which polypeptide comprises tetanus toxin (TeNT) fragment C, 
5 or an immunogenic frajgment thereof, which tetanus toxin fragment C, or immunogenic 
fragment thereof comprises a mutation in a loop region, which mutation results in a 
reduction in the binding of the tetanus toxin fragment C, or immunogenic fragment thereof, 
to gangliosides . 
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